Aims To assess the correlation between macular morphology and visual acuity in retinitis pigmentosa (RP) patients with cystoid macular oedema (CME). Design Retrospective cross-sectional study. Patients and methods Forty-one eyes of 25 RP patients with CME. Patients underwent cross-sectional scans with optical coherence tomography (Stratus OCT). Age, total retinal thickness, photoreceptor thickness, and the transverse and vertical lengths of the cystoid space were measured. Correlation between visual acuity and each of the measurements were examined. Additionally, the status of the inner segment/outer segment junction (IS/OS) was classified as being absent, discontinuous, or distinct. Measurements were then compared among the three groups. Results Total retinal thickness or photoreceptor thickness was not correlated with visual acuity. There was a correlation between the transverse length of the cystoid space and visual acuity, although the correlation coefficient was weak (r ¼ 0.30). The logMAR visual acuity in the IS/OS absent group (0.67±0.43) was worse than that seen in the IS/OS discontinuous (0.22 ± 0.19) or IS/OS distinct groups (0.07 ± 0.16) (Po0.001). Conclusions When monitoring CME associated with RP, the status of IS/OS is the essential parameter that needs to be examined.
Introduction
Cystoid macular oedema (CME) is a common complication of retinitis pigmentosa (RP) and can compromise the visual acuity of RP patients even in the less advanced stages. Several therapies are used to treat CME in RP patients and include topical or oral administration of carbonic anhydrase inhibitor, [1] [2] [3] [4] periocular or intravitreal injection of steroid, [5] [6] [7] [8] [9] intravitreal injection of bevacizumab, 10 photocoagulation, 11, 12 or vitrectomy. 13 Although each of these therapeutic measures provides a benefit for some of the patients, there is little information on the pathophysiology, prevalence, or natural course of CME that is associated with RP. Furthermore, because of the nature of the pathological and clinical characteristics of RP, it can be quite difficult to assess the involvement of CME in the visual impairment of RP patients as compared to that for other retinal vascular diseases.
Optical coherence tomography (OCT) is now widely used to study retinal pathologies and has also been used for the diagnosis and monitoring of RP. The OCT device is safe and has been shown to be more sensitive or at least as sensitive as fluorescein angiography when detecting CME in RP. [14] [15] [16] Meanwhile, owing to imaging resolution limitations, the parameters that are used to monitor CME have been limited to the retinal thickness or the size of the cystoid space.
In addition to examining the retinal thickness or the gross morphologic changes, a recent OCT model has made it possible to obtain a much more detailed evaluation of the retinal layer, which includes the third high reflectance band. This third high reflectance band is depicted as the outer boundary of the retina, and it has been suggested that it represents the photoreceptor inner segment/outer segment junction (IS/OS). 17 As OCT can observe the status of IS/OS, it has been used to study various aetiologies, including those of central serous chorioretinopathy, [18] [19] [20] retinal vein occlusion, [21] [22] [23] macular hole, 24 retinal detachment, 25 and multiple evanescent white dot syndrome. 26 All of the reports have consistently shown that the status of IS/OS is closely correlated with the visual function and/or the pathological change.
To investigate whether OCT can be used for better assessment of CME in RP patients, we performed a detailed evaluation of the retinal measures. We examined IS/OS in the fovea as well as the size of the cystoid space, the total retinal thickness, and the photoreceptor layer thickness. We also investigated which of these measures were best correlated with visual acuity.
Patients and methods
Clinical records of 652 eyes of 326 RP patients who underwent macular scanning with OCTs (Stratus model 3000, Carl-Zeiss, Dublin, CA, USA; OCT ophthalmoscope C7, Nidek, Gamagori, Japan; or 3D-OCT 1000 Topcon, Tokyo, Japan) at Kyoto University Hospital between September 2004 and October 2007 were retrospectively reviewed. Diagnosis of RP was made by the presence of night blindness, characteristic fundus appearance, visual field defect, and a subnormal or non-recordable electroretinogram. CME was confirmed in 49 eyes of 30 patients, and those examined with Stratus OCT (41 eyes of 25 patients) were included in the study. Another 48 eyes had cystoid space elsewhere than the foveola (Figure 1 ) but were not included in the study, as the lesion was unlikely to affect visual acuity.
OCT images of the eyes included at the initial examination were further analysed as has been reported. 21 Briefly, we measured total foveal thickness, the transverse and vertical lengths of the foveal cystoid space, and the photoreceptor layer thickness (Figure 2 ). Total foveal thickness was defined as the distance between the vitreoretinal interface and the retinal pigment epithelium, whereas the photoreceptor layer thickness was defined as the distance between the posterior surface of the cystoid space and the pigment epithelium. The transverse lengths of the cystoid spaces were determined in such a way as to include all of the cystoid spaces within the image. The status of the foveal IS/OS was further divided into distinct, blurred/ discontinuous, and absent groups. The definition of IS/ OS was determined using monochromatic images ( Figure 3) . One of the authors who was unaware of the patients' visual acuity or any other clinical information performed all of the measurements.
Statistical analysis
The statistical program SPSS was used to analyse the sample data.
Descriptive analyses are reported as means ± SD unless otherwise specified. Visual acuities were measured with Landolt C and were converted to the logarithm of the Figure 1 Cross-sectional image of the retina in RP patients. In some cases, we noted minor cystoid spaces adjacent to the fovea. These eyes were not included in the analysis of CME.
Figure 2
Cross-sectional image of CME in RP patients. The four parameters shown in the figure were measured for each of the images. minimum angle of resolution (logMAR) equivalents. Bivariate relationships were examined using Pearson's correlation coefficient. Measurement values of the three groups that were classified on the basis of the status of IS/OS were compared using an analysis of variance, with post hoc comparisons tested by the Bonferroni procedure. When the P-value was less than 0.05, this was taken to indicate a significant statistical difference.
Results
We first reviewed the clinical records of 652 eyes of 326 RP patients, with CME identified in 49 eyes. In addition, we found that other macular pathologies existed frequently in the patients, including epiretinal membrane (ERM, 126 eyes), choroidal neovascular membrane-like lesion (four eyes), macular hole (one eye), and retinoschisis (two eyes).
Subsequently, we examined patients with CME. Demographics of the patients are shown in Table 1 . The average age of the patients was 44.0±17.1 years and the average logMAR was 0.30±0.35. Gender preponderance was not evident and it was not clear how long the patients had had CME. Bilateral involvement was seen in 16 patients and nine patients had unilateral CME. There was an autosomal dominant inheritance pattern in five patients, an autosomal recessive pattern in five patients, and there were 15 sporadic patients. ERM was found in 11 eyes, whereas 30 eyes did not have ERM detectable with OCT.
The correlation between visual acuity and each measurement is shown in Table 2 . No correlations between visual acuity and age, vertical length of the cystoid space, total foveal thickness, and photoreceptor thickness were noted. Although the transverse length of the cystoid space did show a statistical significance, the correlation coefficient was weak (r ¼ 0.30, P ¼ 0.03).
To further assess the influence of IS/OS on visual acuity, the eyes were divided into absent, discontinuous, and distinct groups based on the status of IS/OS. Table 3 shows the demographics for each of the groups. Although the patients belong to IS/OS distinct group tended to be younger and have smaller cystoid spaces, there was no significant difference in age, total thickness, and the size of the cystoid space among the three groups. In the IS/OS absent group, the photoreceptor layer was thinner as compared with the IS/OS distinct group, and in addition the logMAR visual acuity was worse than that seen for the other two groups. In fact, the logMAR of the IS/OS distinct group was 0.07, which was much better than the 0.67 value of the IS/OS absent group. IS/OS in CME associated with RP A Oishi et al
Discussion
In this study, foveal thickness, photoreceptor layer thickness, and the vertical length of the cystoid space exhibited no correlation with visual acuity. Although the transverse length of the cystoid space affected visual acuity, the correlation coefficient was weak. However, it should be noted that IS/OS was the most significant factor for visual acuity in RP patients with CME. Some authors have reported earlier a negative correlation between visual acuity and foveal thickness 3 or the transverse length of the cystoid space. 16 In contrast to these previous papers, this study found no factors that had any correlation, weak or otherwise, with visual acuity. We assume that the difference lies partly in the selection of patients between various studies. The report by Chung et al 3 was primarily conducted to examine the effect of acetazolamide, and thus might have included patients with conditions that were much more severe. Our study included patients with CME, regardless of the extent of oedema or visual acuity, and therefore our study population might have consisted of a group of patients with less severe conditions. The study of Hirakawa et al 16 was conducted using OCT 2000, which is an earlier version, and thus may partly explain the differing results.
In RP patients without CME, IS/OS has been shown to be correlated with visual acuity. 27 We also showed in an earlier study that the shortening or disappearance of IS/OS was associated with the deterioration of visual acuity and the amplitude of the focal macular electroretinogram. 28 In this study, the status of IS/OS was correlated with visual acuity similar to that seen for the cases without CME. The IS/OS absent group had a thinner photoreceptor layer, and therefore these factors might very well have been confounded. However, the photoreceptor layer thickness was not an independent factor for visual acuity, and thus we consider the confounding effect to have been minimal.
Concerning the prevalence of CME in RP patients, a very recent article has reported that up to 49% of patients with a moderate stage of RP had CME. 29 However, in this study, the prevalence rate of CME was only 49 out of a total of 652 eyes, that is, 7.5%. This is far fewer than has been reported earlier. In addition, these other studies have all reported similar prevalence rates that ranged from 10 to 15%. 27, 30 As this study included nonconsecutive and non-population-based data, we were not able to determine the exact prevalence rate, although it is unlikely that the frequency of CME would be as high as 40% in our population. One possible explanation for these differences might very well be how CME was defined. In this study, we observed 48 eyes that had small cystoid spaces that were found elsewhere than in the foveola without foveal thickening (Figure 1 ). These eyes were not included in this study, as it was assumed that they would not affect visual acuity. If, in fact, we were to count these patients, the frequency of CME would be doubled. Another possible reason for the differences observed might be related to the phenotypic difference seen for the different patient cohorts. The genetics of RP patients are complex, with more than 45 genes having been identified in RP patients. However, in about 40% of the patients, it is still unclear as to what the causative genes are. 31 Additionally, the distribution of the causative genes and the phenotypic patterns noted are quite possibly different in a Japanese patient cohort.
Although there is a possibility that ERM impairs visual acuity in RP patients, we did not exclude eyes with ERM from the analysis. The ERM seen in the population was not all that severe, and therefore we did not think that it would affect the visual acuity. In addition, because ERM was a common complication within the studied population, by excluding all these patients with ERM, it would lessen the clinical implications that might possibly be obtained from this study. The exact influence of ERM on visual acuity or the formation of CME should be elucidated in further studies.
The limitation of the image-based definition should be kept in mind. The patients were divided into three groups based on the appearance of OCT images. Although the grouping was made in blinded fashion and the result was well correlated with visual acuity, the process was essentially subjective. Quantitative parameters, for example, length, area, or signal intensity, would enable more objective assessments. It should also be noted that exactly what IS/OS represents remains to be elucidated.
Another limitation of this study involves the examination device. The OCT device that was used in our study was much better than the previous versions, but it is not the latest one that is currently available. Resolution of the Stratus OCT is still limited to 10 mm and it is inferior to the next generation spectral-domain OCT, which has resolutions as high as 2.5 mm. Thus, with more detailed observations using the latest OCT, this might have helped us to better elucidate the pathology and provide a better understanding of CME in RP patients. 32 In conclusion, we investigated the correlation between macular morphology and visual acuity in the CME in RP patients. Although in general, there is a correlation between central macular thickness and visual acuity in various pathologies, but in this study, this relationship was less evident in the RP patients as compared with previous reports. 16, 33 In fact, we found that all measurements other than the IS/OS status were not distinct factors involved with visual acuity. Thus, when monitoring CME associated with RP, the IS/OS status should be the designated parameter that is used rather than either the foveal thickness or the size of the cystoid space.
